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SUMMARY

Full-scale tests bare 6een ~ae in the Propeller B6-
search l%nnel of the National Ahimy Committeejor
Aeronauiic~, on a 10+Iot &incii propeller on a geared
J-6 engine and also m a sinaih 8300t Ii-inch pro-
peli’er on a directirih J*r engine. likch propeller
was testedat iuv di$erent pitch .settkga, and m“tha large
and a malZ jiwlage. The inredigatiun um made in
suc?b a manner that the pmpeller-lmdy interference
factors tcere ieolited, and ii m jound that, wneiibing
Me interjereme only, the geared propellers had an
appreciable adrantage in propukke ejim”m.cy,partially
due to the larger dhn.eter of the propellers m“ih reqgeci
to the bodies, and partiully became the geared propellers
were Zocatedjarther akrd of the engines and bodies.

INTRODUCTION

The question of the de&ability of reduction gear-
ing between an aircraft engine and its propeller is
involved, beoause of the many factors which must be
considered. Some of these factors are (1) the relative
tip speeds and the resultant tiect on the propeller
efbiency, (2)
weight of the

the 10ss of power in the gears, (3) the
propelkr and gearing, (4) the effect of

the Iimiting propelkr diameter or of possible difk-
encea in kmding=gear height, (5) the effect on the
propeller efficiency of change of pitch, and (6) the
effect of the propeller-body interference on the pro -
pulsive efficiency. This report deseribes experiments
which isolate and give some practical information on
the last of these factom, the effect of propeller-body
interference.

A standard 10.5-foot ahuninum-alIoy propdler with
detachable and adjustable blades was tested at two
pitch settings and on two different bodies (a cabin
fusekge and a smaller open oockpit fumhige), with a
geared J–5 radial air-cooled engine hming conventional
cowling. The reatits are compared with those of tests
on geometrically aimiIar direct-drive propellers t@ed
with the same engine and fuselages.

AU of the teeti were run at medium tip speeds or
under, where the effect of tip speed on the aerodynamic
coefficients of the form of propeller used has been
found to be negliggbIe. (Reference 1.) All of the
other factors, excepting the propelkr-body inter-
fmmce, have been eliminated.

The tests were made in the Twenty-Foot Propeller
Research TunneI of the National Advisory Committee
for Aeronautics, at LangIey Field, Va. (Reference 2.)
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FIGUBEL-Metal blade 10.&footdkmd.er Propdler. Right-hand No. 4102

ORDINATES Ol? SECTIONS AT VARIOUS RADII FOR EXPERIMENTAL METAL PROPELLER BLADE

10JJ FEET DIAMETEFL RIGHT-HAND. (FIG. 1)
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Fimm La-Mti bkda 9.&fmt dlwmkr propeller. Bfaht-baud No. 4-U!2

ORDINATES OF SECTIONS AT VARIOUS RADH FOR EXPERIMENTAL METAL PROPELLER BLADE
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APPARATUS AND METHODS

The propellers used were of the detachable-bIade
type, having solid aluminum alloy bIades held in a split
steel hub. The blades of the 10.6-foot geared propeller
were made according to the drawing in Figure 1 (Navy
design No. 4102), and the blade form is given by the
curves of Figure 2. The smaller direct-drive propeIIer,
Figure la (Na~ design No. 4412) was geometrically
similar, but onIy 9 feet in diameter. The steel hub, in
order to save weight, had been made 1 inch shorter
than that for which the bIadea wem designed, and so

COMMITTEE FOR AERONAUTICS

revolutions are unimportant, and the results should bo
taken-as applying to a gear reduction of 3 to 2.

The fuselages are eho~ in -es 3, 4, 5, and 6,
With the geared engine the propeller was located 7,6
inches farther forward of the cylindem than with the
direct-drive engine of the same model. The maximum
cross+mtional area of the large fuselage was 21.3
square feet, and that of the open fuselage was 11 square
feet, or approximately haIf as great. The engine, in
both cases, was mounted on an inclosed dynamometer
for measuring the torque of the propeller,
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the propellers as teated actualIy had diameters of
10 feet 5 inches, and 8 feet 11 inches. The propellers
were tested at two pitch settings, 15.5° and 23.5° at
three-fourths of the tip radius. The pitch distribution
with each setting is shown in Figure 2.

The geared propeHer was tested on a 9-cylinder,
200 horsepower Wright “ Whirhvind” J–5 radial air-
cooled engine with 2 to 1 reduction gearing. The
directdrive propeller was tasted on a similar engine
without the reduction gearing. One test was also
made with the 10-foot 5-inch propeller directly driven.

The 8-foot n-inch direddrive propeller absorbed
the full power of the engine at normal revolutions, but
the 10-foot 5-inch propeller did not absorb the full
power at normal engine revolutions as geared to run at
one-half engine speed. The 10-foot 5-inch propeller
is approximately the correct sise for a gear reduction
of 3 to 2 instead of 2 to 1. Since the propeller char-
acteristics are given in terms of coefficients, the exact

The propeller torque as measured included the torque
on the iylinders due to the rotational velocity of the
slip stream. In order to correct for this effect a special
test was made in which three J-5 cylinders complete
with mdve gear ~ere mounted under the front portion
of a water-cooled Wright E-2 engine on a VII-7 fusc-

—

lage in the Propeller Research Tunnel. (Fig. 7.) ___
The cykdera were in the same position relative to the
propelIer as on a J-5 engine. The middle cylinder
only was supported in such a way that its torque about
the engine asis could be measured, The torque on
the middle cylinder was then found for various engine
dnd air speeds, and the results have been used to appIy
a correction to the propeLler torque, amounting to
less thwi 1 per cent in the case of the geared propclIer, ”
but as much as 3 per cent with the direct-drive
propeller.

The resultant horizontal force of the propoller-body
combination, which may be ehher a thrust or a drag,
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FIGUEE6.+pwmwkpM fwlwI with geared J-5 engine

FIGURE6,–Cabfm fuselage J-6 engfnd
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measured on the regdar thrust baIence.
ce 2.) This resultant horizontal force R, m

(fif-
ay be

FIGOEE7.-J-6 eyfindem mcunkd on E-2 enniue fm slfp
streamtorquetests

thought of as being composed of three horizontal
components, such that

R= T–D–AD
where

T’= the thrust of the propeller wMe operating in
front of the body (the tension in the pro-
peIIer shaft).

D = the drag of the airph-me aIone (without pro-
peller) at the same air velocity and density.

AD= the increase of drag of the airplane with
propeller, due to the slip stream.
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In order to obtain the propulsive eflikiency, an
effective thrust is used which is defined as

Effective thrust = T– AD
= R +D. i

Th~ propulsive efficiency is then the
useful power to the input power, or

ratio of the .-

effective thrust Xvelocity

Propukive”efficiency =
of advance .

input power

This includw the increase in cI&&of all parts of the
airplane tiected by the slip stream, and also the effect
of the body interference on the propeller character-
istics.

EESULTS

The observed data points for each of the four tests
with the geared propeller and the five tests with the
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direct-drive propeuers are given in F~es 8 to 16
and in Table I. They are reduced to the usual coeff-
icients of thrust, power, and propuhe efEciency.

~==dYective thrust

W2D4

(7,=
input power

pnSD6

~_ effective thrust X velocity of advance
q— input power

where D is t$e propeller diameter and n represents the
revolutions per unit time. Since the coefficients are
dimensionless, any homogeneous system of units may
be used.

The direct-drive and geared prope~e~ are compared
in Figures 17 and 18. The comparisons are made
between geometrically similar propellers, so that the
efkt of body interference only is considered. (In a
case where a geared propelk ~. substitukd for a
direct-drive propeller, both absorbing the same power
at approximately the same forward speed, the pitch
ratio of the geareddown propeller is, of course,

. .=

.——

.-

.-

—

—

—

.-.

—



REPORT NATIONAL ADVISORY COMMI!M!EE FOR AERONAUTICS

&
FImJBE 10,-C4eared propeller No. 4102 (15.5° at 0.76 R). Dismetw

10 feet 5 Inoiw on cabin frrseloge

ii
FIGUBEl!4-Dfre&drivepropellor No, 4412(lfi.~ at 0.76R). Diametm

8 feat 11 fnohm on open cockpit fusekge
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higher, which gives it an additiomd advantage in
e%iciency.)

DISCUSSION

With the small fuselage, the maximum efficiencies of
the low md high pitch geared propellers were 7.5 per
cent and 6,5 per cmt higher, rwpectivelyj than the i
maximum efficiencies of the similar direct-drive pro- ~
peUers. With the large fuseIage the maxinium efli- ~
ciencies of the geared propellers were 4 per cent and I
3.5 per cent greater,

The value of --& for zero thrust was about 5 per cent I

greater for the direcklrive than for the geared pro-
pellers with the tiall fuselage and about 8 per cmt
with the large fuselage. In all cases, the power and
thrust coefficient ciiurveswere found to be higher for
the direc&drive propellers than for the geared: ;

The 10-foot 5~k~h propeller (No. 4162) which was
used in the teats with the geared engine has aIso been
tehd on a similar direct-drive engine in the small
fuselage. &leference 3.) This test makes possible an
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interesting comparison showing what part of the gain
in efficiency with the geared propellers was due to the
difference in ‘the relative size of the propeller and
body, and what part was due to the forward position
of the geared propeIIer. The coefficients for the 10-
foot 6-inch propeller, both geared and directly driven,
are shown in I?igure 19. The maximum e%iciency of
the geared propeller, which is 7.6 inches farther for-
ward with respect to the engine, is 4 per cent higher
than that of the direct-drive prope~er. (This same
effect could be obtained by lengthening the crank
shaft and nose of the direct-drive engine.) Thus, of
the total difference of 7.5 per cent between the maxi-
mum efficiencies of the 10-foot 5-inch geared propeller
and the 8-foot n-inch direct-drive propeller, about
half is due to the larger diameter of the geared propeller
and about half h its location farther forward,

1$ should be remembered that, although the actual
gear ratio was 2:1, the 10-foot 5-inch propeller was
not h.rge enough to Gbsorb the full engine power at
that gear ratio, and the propeller-body interference
eflects shown by these tests are correct for a gear
ratio of approximately 3 :2.

CONCLUSIONS

1. The maximum efficiencies of the 10-foot 6-inch
geared propellers of these tests were from 3,5 por cent
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fllsdage

b 7.5 per cent greater than thosa of the simihw 8-foot
n-inch direct-drive propeIIers, these diflerenccs repre-
senting the effect of propeller-body intaf erence only.

2. The diHerences in the efficiencies of the geared
and direct-drive prepellers were greater with the small
fuselage.

3, With the small fuselage and the low-pitch pro-
pellers, about half of the difference between the
maximum efficiencies of the 10-foot 5-inch geared
propeller and the 8-foot n-inch direct-drive propeller
was due to the relative sizes of the propellers with ._
respect to the body, and about half to the farther
forward position of the geared propeller.

mGLEY MEMORIALAEEONAmCALLABORATORY?
NATIONALADVISORYCOMMI~EE FOR AERO-

NAUTICS,

LANGLEY FIELD, VA., March ~0, I$?W.
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TABLE I

OBSERVED DATA

Geared Propeller No. 4102 (15.5° d 0.75 R)

Diameter, 10 feet 6 inches

On open coak@t fuselage

P
v

III. P. h.

820

~:

828
83.0
825
822
82.0
81.8
8L 6
81.3
8L 3
8L o
78.4
79.2
75.1
7h 4
7L 6
7L 5
6%6
69.4
652
65.6
620

%:
5&2
19.6
19.9

N
r. p. m.

1,115
“1,115
1,090
1,070
1,040
1,015

!395
965
940
915
890
865
835
815

1,110
1, 115
1,100
1, 100
I, 100
1, 100
1, 100
I, 100
1,100
1, 100
I, 105
1, 100
1, 100
1,090
I, 100
1, 100

Q
lb. ft.

216
316
285
261

211
186
162
134
115
93

z

3%
g

360
378
378
397
398
416
416
425

2;
427
491
495

1%
252
253
224
199
182
147
121

E
56
32

-H
–23
284

317
817
344
342
373
371
404

430
416
466
443
749
750

0.0270
.0272
.0252
.0232
.0224
.0191
.0164
.0138
.0106
. (Xt89
.0054
.0017

–. 0011
–. 0046

.0309

.0310

.0350

.0350

.0381

.0378

.0412

.0410

.0446

.0446

.0470

.0459

.0515

.0499

.0828

.0830

CP

0.0205
.0205
.0193
.0183
.0181
.0165
.0151
.0141
.0122
; 0110
; Ouxl$

.0055

.0037

.0222

.0224

.0240

.0240

.0262

.0262

.0264

.0266

.0277

.0277

.02$1

.0281

.0296

.0290

.0327

. oa30

&
0.629
.634
.645
.657
.678
.691
.700
.720
.736
; :5

.794

.824

.840

.596

.601

.576

.679

.550

.549

.527

.538

.601

.505

.474

.484

.446

.451

.150

.163

~

: Sg

.84

.831

.831

.799
; ;:;

.640

.614

.443

.199
----
----
. WO
.831
.840
.844
.831
.824
.825
.821
. 8J16
.814
.792
.790
.776
.776
.382
.385
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P

:M%*
:002268
.002268

.002250

.002250

: %%
.002252
.002352
.002352
.002352

: %%
.002362
.002362
.002362
.002355
.002356

v
m. P. h.

84.9
85.2
88.7
8&4
9Q9
90.9
920
92.5

1044
103.7
103.8
103.2
103.3
1028
1022
102.4
1023
101.9
10L 2
ioo. 9
101.1
101.1
10L 2
101.1
79.1
79.8
81.4
81.5
81.7
77.0
77,5
71.4
71.8
69.8
69.8
66.0
67.2
23.7
24.0

TABLE I--Continued

Geared propelIer No. 4102 (23.5° at 0.75 R)

Diameter, 10 feet 5 inohea

On open cockpit fuselage

N
r. p. m.

1,015
1,015
1,015
1,015
1,045
1,050
1,060
1,060
1, 100
1, 100
1,076
1,040
1,025

990
970
940
915
885
850
820
800
775
760
726

1,015
1,015

625
685
575

1, 100
1, 100
1, 100
1,100
1,100
1, 100
I, 100
1, 100
1, 100
1, 100

lb?ft.

706
706
686
688
725
720,
741
741
707
707
669
611
678
623
486
430
380
329
262
214
172
180
108

7!:
723
103

!:
933
933
944
941
956
954
058
958
974
968

1s.

M
477

%#
512
525
529
476
483
446
3!37
365
321
291
245
212
172
129
102

x
3:

546
5::

–:
753
749
787
781
805
799
821
811
938
932

CT

W 0662

: ;:;

:0628
.0626
.0629
.0635
.0633

: w
.0499
.0474
.0444

.%%

:%;
.0242
.0207
.0148
.0110
.0077
.0006

: %::

: %:
-.0023

.0810

(7P

O.0656
.0556
.0541
.0543

: %:;
.0535
.0536
.0476
.$44:

:0463
.0450
.0435
.0426
. :;;:

:0345

: :%:
.0221
.0177
.0157
.0089
.0577
.0577
.0204
.0117
.0071

: M:

: %;;
.0619
.0619
.0622

: ::;;
. 0625

.—

v
T-D

0.706
.710
.739
. ;3J
.
.732
.734
.738
.802
. ;;:

:840
.853
.876

: %:
.945
.974

L 009
1.040
L 070
1.106
1.141
L 179

: %:
1.100
L 178
1.200

::::
.548
.661
.636
.636
.607
.516

: 1%

0.839
.838
.852
.868
.864
.862
.862
.874
.897

: xl:
.905

:%:
.=8

:874
.842
.817
.825
.720
.690
.664

:%;
.828
.700
.230
----
.794
.794
.768
.768
.749
.746
.720
; ;;:

.295

-+!!

,,

-



THE EFFECT OF REDUCTION GEARING ON PROPELLER-BODY INTERFERENCE

TABLE I—Contfnued

Geared propeller No. 4102 (lS.&’ “at 0.75 R)

Diameter, 10 feet 5 kmhea

On oabin fuselage
—

1:. I
c1. v

;D

0.798
.775
.755
.745
.721
.715
.695
.696
.651
.654
.626
.624
.600
.598
.571
.569
.540
.538
.512
.501
.464
.152

N“
r. p. m.

Q
Ib. ft. Cp

O.0089
.0109
.0125
.0132
.0157
.0165
.0177
.0177
.0213
.0216
.0233
.0232
.0240
.0242
.0262
.0260
.0276
.0278
.0284
.0287
.0302
.0332

.

.
-847

910
925
967
977

1,012
1,012
1,002
1,002
1,002
1,005
1,002
1,000
1,002
11007
1,007
1,005
1,000

995
1, 100

850

CL002324
.002324
.002324

%:
8L 3
8L 6
8Z 6
8Z 7
83.3
83.3
77.1
745
74.2
74 u
7L o
70.6
67.8
67.8
6L O

E:
5&8
60.4
15.2

G#

.696

: %
.786
.778
.769
.805
.805
.800
.829
.815
.814
.811
.805
.793

81
107
131

21
25
73

1;;
131
154

g I
226
235

249
282
282
311
312 I
328 i
334 ,
454

U 0038
.0042

:::::
.0159
.0181
.0198
.0196
.0263
.0266
.0298
.0308

: %::
.0372
.0368
.0405

: :Z:
.0447

: %::

.002316

.002316

.002316

.002316

.002316

.002316

.002316

.002312

.002312

-
.- —-.—

.002312

.002312

.002312

.002312

.002315

.002315

.002315

.002315

.002315

.002324

353
356
356
459
302

.792

.782

.781

.761

.370

_—.—
--.-
—
.——.

.——n
I

Geared propeller No. 4102 (23.5° at 0.75 R)

Diameter,10feet 5 inches
On cabinfuselage

—.

P
v

m. p. h.
N

r. p. m.
Q

Ib. ft. 1:. v
ni

CT —=
. .

.———.
.-
.—

~ -.
.——

-

.- .

.
—

.-

0.002324

: :%!
.002324
.002313
.002313
.002313
.002313
.002307
.002307
.002307
.002300
.002300
.002300
.002300
.002292
.002292
.002292
.002292
. C02292
.002292
.002292
.002292
. CK12285
.002285
. m2294
.002294
.002297
.002297
.002297
.002297
.002297
.002297
.002300

: :2E
.002300
.002306
.002306

82.1
84.5
84.0
84.2
%8
88.5
91.4
91.4

102.9
1028
103.1
102.8
1028
1025
1025
102.4
102%1
1021
10L 9
101.8
10L 5
10L 3
10L 1
10L 1
10L 2
80.2
80.1
744
74.6
7U 6
70.6
6&2
67.6
63.2
632
6L 5
6& 1
21.6
2L o

557
1, Ulo
1,002
1,007
1,012
I, 010
1,@32
1,0Q5
I, 000
1,C02
1,072
1,055
1,032
1,000

980
945
920

– 18
678
511
512
483
483
437
439
345
362
452
426
392

-0.0076
.0736
.0669
.0664

0.0017
.0610
.0577
.0575
.0558
.0559
.0535

::%
.0470
.0498
.0496

::%
.0442
.0425
.0374
.0377
.0339
.0320
.0277
.0233
.0155
.0104
.0044
.0582
.0581
.0586
.0580
.0590
.0590
. 06g8
.0598
.0535
.0592
.0615
.0618
.0635
.0630

1.245
.650

:%:
.740
.740
.769
.766
.869
.865
.811
.824
.840
.866
.885
.915
.940
.950
.984

L 000
1.046
L 091
L 140
L 190
L 222
.676
.676
.665
.665
.642
.642
.640
.635
.609

. .624
.574
.545

: :;;

-----
0.785
.818
.815
.826
.830
.826
.825
.852
.855
.846
.844
.341
.855
.860
.846
.888
.836
.853
.865
.854
.711
.470
. Ilx
----
.808

:%!
.806
.789
.793
.778
.782
.785
.775
.735
.724

:%7

.0623

.0627

.0675

.0575

.0458

.0465

.0520

.0509

.0489
MO
311
263
224
206
169

114
70
27

.0453

.0430

.0393

.0353

.0332

.0294

.0277

.0226

.0151

.0064

-
.-

!310
875
860
820
785
750
720

1,!%
1,000

945
950
930
930

—
..

-
.-

1
!

I
1

I

4 .0010
–. 0046

.0695

.0693

.0706

—17
521
519
472 .-

.-.-—
-=

-~

—

476
469
471
441

.0704

.0725

.0729

.0726
900
877
857
905

.0737

.0754

.0736

.0787

.0820

.
———

.=902
980
980 :M:



T
1P
t
I

\

I

11

0.002288
.002280

: :%%
.002272

: %%
.002269

: $%%
.002262
.002269
.002259
.002266

: ::%%
.002256

: %%:
.002248

: %%::
.002248
.002248
.002248

: %Ez

: %%$
.002258
.002249

:%%

: :%%
.002255
.002265
.002255

: %:%
.002264

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE I—Continued

Direct-Drive PropelIer No. 4412 ~16.5°at 0.76 R)

Diameter,8 feet 11inohea “

Onopenoockpitfuselage

v
m. P. h.

82.1
82.5
82.8
82.9
83.8
82.8
83.6
88.3
SK O
90.8
91.1
94.2
042

104.4
104.1
103.5
103.6
103.1
10s o
1027
102.4
103.1
103.6
103.4
103.I
102.4
102.8
102.6
1025
80.6
8L s
% 9
7a 9
748.
75.7
68.5
68.2
6L 2
62.8
20.8
22.2

N
r. p. m.

1,760,
1,710
1,705
1,690
1,680
1,686
1,690
1,760
1,750
1,765
1,760
1,750
1,750
1,810
1,805
1,750
1,700
1,650
1,595
1,550
1,500
1,465
1,390
1,365
1,290
1,240
1,200
1,100
1, 17s
1,760
1,750
1,706
1,706
1,706
1,700
1,675
1,670
1,660
1,646
1,600
1,590

Q
lb. ft.

579
642
624
619
513
516
616
MO
545
661
565
647
541
629

2%
444
396

;:
266
233
200
165
119
87
63.-
7

5%
666
638
636
549
842

“ ~.

533
519
511

lK

646
591
662
556
561
556
559
582
672
686
575
668
654
611
614
467
409
350

%
;;:

138
100
66
23

4;
666
637
699
601
645
621
655
649
688

!!
838

CT

: :%:
.0398
.0378
.0358
.0324
.0289
.0274

..0236
.0210

Cp

0.0332
.0327
.0318
.0322
.0322
.0322
.0320
.0318
.0314

: %:;
. 031s
.0315
.0290

: %2
.0274
.0260
.0241
.0236
.0210
.0196
.0185
.0160
.0127

: :;;
.0010
.0063
.0332
.0330
.0330
.0328
.0336
.0334
.0344
.0342
.0360
.0360
; ;:::

0.464
; ’44;

. :;:

:486

:::

: i%

: ;g

:570
.570
.684

::::

: w
.675
.700
.735
.764
,790
.815

: R%
.861
.453
.469
.466
,466

::%
.404
.403

::%

: :%:

Q

0: ;:4

.7 2$

.734

.749

.744

.760

.746

.740

.766

.756

.770

.763

.775

: %
.785
.769

: %
.758
.748
.720
.660
,495

: :;!
----
----
.744
.730
.720
.729
.719
.719
.696
.694
.666
.670
.302
.321

.

.

.,-

.,-

.-

-.

.



TEE EFFECT OF REDU~ON GEARING ON PROPELIiER-BODY INTERFE=CE

TABLE I—Continued

Dire&lrive propeller No. 4412 (23.5” at 0.75 1?)

Diameter, 8 feet 11 inches

On open cockpit fusdage

I F ~1~1 tif
P ! lb- ft. ~. :. CT Cp

m. P. h. r. p. m. n= v“

I

0.002294 ~ 849 1,290

r

494 0. 073s : p: O_650 I O.783
.002294 I 849 1,275 ~4 t 472, .0722 656 ~ .778
.MKZ237 I 88-0 1,290 575 I 473 .0706 .0606 :674 ~ .785
.002287 88.7 1,275 563 I 462 .0709 .0608 .683 .796
.002287 91.4 1,295 667 ~ 454 .0676 .0595 .696 [ .790
.002287 9L 7 I, 275 555 ; 448 .0686 .0600 .710 ! .812

93.4 ,1,300 576 461 .0680 .0600 .710 ! .805
.%% ~ 93.6 1,295 565 450 .0670 .0593 .715 :
.002281 ~ 105.2 1,MO 575 430 .0539 .0555 .770 : / :~
.002281 1046 1,340 561 426 .0592 .0549 .770
.002273 ~ 1049 1,295 519 378 .0568 .0549 .800 ; -829
.002273 103.5 1,255 469 334 .0533
.002273

.0526 .815 , -825
103.4 1,210 , 429 299 .0512 .0518 i

.002273
.344 .835

103.4 1, 170 381 255 .0467 .873 ~ .823
.002273 1027 1, l~o 329 211 .0422 :% ! ::: I .824
.002273 102.7 1,060 270 166 i .0371 .836
.002273 102.3 1,000 203 117 i .0294 : c)~)~ I L 010 I .826
.002265 1021 950 155 82 ‘ ; :22; L 060 I .795
.002265 1021 115 .0252 L 120 .760
.002265 101.9 850 70 % . 00S6 .0171 L 182 I .559
. 00226S , 10L 9 –. 0007 .0077 : 25; ! ;~~i
.002274 83.0 1,295 %? G: ‘ .0751
.002274

.0616
~~ 1,275 571 481 .0742

.002274
; ~n3; ! .770

79.3 I, 270 567 495 I
.002274

.0770 :;: .763
;;: 1,250 551 471 , .0755

.002274
.0622 j .625 .759

1,245 539 460 I .0745 .0615 ; .629 .761
.002277 7i 2 1,245 544 478 .0774 .0620 I
.002277

.605 .763
76.2 1,240 537 467 .0762 .0619 1 .606 .746

.002277 73.1 1,245 55!3 ::; I . 08J15 .0637 . 68a .736

.002277 723 1,285 I .0805

.002277
.0633 .578 .735

69.4 ‘ 1,245 K!
69.9 I 1,230 j;; I : ::;:

.0636 .550 .715
. M~277 643 ::063$ ; .560 .731
.002230 6&4 1,240 552 517 . 0M2 .528 .704
.002280 67.8 1,225 539 495 .0826 .0635 ~ .546 .711
.002280 65.5 1,230 540 507 .0838 .0630 .525 .699
.002280 65.7 1,215 533 ml -0849 .0638 .530 .705
.002289 18.8 1, 190 530 .0975
,002289

.0658 1561 .232
19.2 1, 185 519 % ‘

I
.0963 .0650

I
:1600 .237

—

..-
—--
~
-——--

-- .——.

-- =
-

-—
~
-—.:.___
.-—.
—

—
--

.-. =
.-

.- .—
---

-
.-—

.-

.-

.<
n

. . ., -_
—

—--
—

41630-31+
\
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TABLE I—Continued

Direct-drive propeller No, 4412 (15.5° at 0.75 R)

Diameter, 8 feet 11inchee,

On cabin fuselage

P

*

Ib?ft. 1:. CP

I

I
!

I

86.6
86.6
89.7
90.0 ,
93.4
9X-O

478
476
462
446

0.0457
. 0456
.0425
.0424
.0417
.0411
.0361
.0365
.0328
.0299
.0290

: ;%

0.0315
.0316
.000

{
: ;3

:0276

:%:
.0249
.0244
.0225
.0214
.0191
: ;;:;

:0135

: ::%
.0318
.0331
.0329
.0335
.0342
.0344
.0342
.0358
.0352

0.516
.519

::::

::::

::::

: :;:
.655
.675
. ;;;
.
.749
.769
.805
.849
.505
.605
.483

. .477
.461
.455,
.415
.413

: :%

0.749,
.749
.763
.769

, %
.789
,794

: %
.780
.779
.739
.725
.732
.642
.675
.847
.736
.740
.726
.726
.717
.722
.691
; g::

.“330

455
::;

40:

297
269
229
185

103.3
1032
103.1
102.5
102.6
10!L8
102.6
102,6
102.9

143
~ : :%

:M
.0041
.0462
.0466
.0498
.0501
.0521

:%:
.0583
.0834
.0835

129
89

%
491
489
524
520
515
516
531
530.
748
731

102.2
102.2
102.2
8!L5
83: i3
80.2
7&6
74.2
71.9
648
6il.7
21.1
21.1

452

455
438

.

— J .:=

Direct-drive propeller No. 4412 (28.6° at 0.75 R)”

Diameter, 8 feet 11 irmhee

On cabin fuselage

!1. v
m. P. h.

N
r, p. m.

Q
lb. ft. 1:.

359
360
363
359
356
348
304

..261
215
165
136
99
63

–3:
-391
391
404
396
408
3.99
409
402
415
414
469
445

CT

0.0652
.0661
.0640

: ::;

::::
.0488

: :%
.0349
,0281
.0199
.0109

–. 0017
.0696
.0707
. ;;):

:0763
.0766
.0809
.0803
; =3

.0962

.0960

CpP

0:;;;

.769

.761

.301

.814

.833

:::

1::;
1.064
1.112
1.194
L 294
.694

.E

.659

. 625

.624

: :%
.542
.638

: ::%

1, 186 476
1, 180 472
1,205
I, 205 486
1,270 499
1,255 493
11215 i 47
1, 170 395
1, 115 .:” .:g~”..
1,050
1, ;3 t 236

i. ::;

:E ;
770 :;

1,200 .,503
1, 190 497
1, 180 497
1, 170 498
1, 165
I, 160 =:
1, 135 477
1, 130 467
1, IXl , 463
1, 120 462
1, 100 460
1,085 443

0.002239

: K%%!

87.4
86.0
927
921

Ioa o
.103.6
102.5

0.0608
.0611
.0602
.0602
.0568

; ~:f

.0491

.0451

. W7

.0375

: :%
.0082
.0631
.0634
.0644
.0645
.0648

: %
.0657
.0663
.0662
.0679
.0673

0.780

: E:
.799
.810
.:3

: ;;;
.816
.822
.790
.785
.662
,-- . .
.766
.774
.759
.756
.741
.730
.716
.723
.689

:!%
,224

102.9
102.8
10L 9
10L 9
101.6
101.4
101,6
100.8
34.3
83.6
7&6
7&2
73.8
73.6
67.7
68.0
61.5
61.0
17.4
17.2

. 00;30$”

:002237
.002237
.002237
.002246
.002246
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TABLE I—Continued

Direct-drive propeller No. 4102 (15.5° at 0.75 R)

Diameter, 10 feet 5 inches

On open oockpit fuselage

101

.-

-=—
T

m. P. h.
N

r. p. m.
Q

lb. ft. :.
v
n—D

CT CpP

555
543
529
525
535
529
52a
523
501
497
418
341
279
196
148
88

5%
576
571
565
559
549
554
547
545
539
534
52%
472
46s

434
464

E

440

0.556
.558
.576
.573
.580
.585

.-

=
.-

.596

.591

.650

. E:

.706

.725
-762
.790
.825
.855
.525
.536
.510
.526
.501
.507

.002220

.002217

.002217

.002217

.002209

.002209

.002209

.002209

.002209

425
373
372

217
159

E

.0336

.0276

.0274

.0232

. oti9

.0223

.0220

.0203

—
——

..—
m4 1
103.6
102.9
102.9
1025
1021
81.6
822
77.4
77.8
7%3
73.8

.0194

.0151

.0091

.0051

.— —

----
.002209
.002218
.002218
.002218
.002218
.002223
.002223
.002223
.002223
.002223
. IX)2223
.002225
.002226
.002230
.002230

----
.790
.796
.766
.795
.775
.785
.770
.754
.749
.741
.740
.750
.372
.372

530
515
531
523

:%
.465
.461
.446
.454

: %

533
527
696
690

:0519
.0850
.0841

.IM4

.0347

.0344

TABLE 11—Ckmtinued
—

TABLE II

FINAL ADJUSTED COEFFICIENTS

Geared propeller No. 4102 (15.5” at 0.75 R)

Geared propeller No. 4102 (23.5° at 0.75 R)

Diameter, IO feet 5 inches

On open cockDit fusek%ze

—

y
. ..-

.CpDiameter, 10 feet 5 inches

On open cockpit fuselage 0.10

:E
.25
.30
.35
.40
.45
.50
.55
.60
.65
.70
.75
.80
.85
.90

0.1010
.1007

::%
.0934
.0970
.0950
.0920
.0886
.0845
.0795
.0736

0.0624
.0627
.0628
.0629
.0628
.0627
-0624
.0622
.0620
.0614
.0602
.0583
. Oim
.0530
.0494
.0457
.0414
.0365
.0312
.0255
.0193
.0130

0.162
.241
.319

: ;;;2

.348

.435

.521
-610
-697
.785
.872
.961

1.052
1.147
1.246
1.351
L 460
L 578
1.701
L 850

$:
2.42
274

+

Cp T

O.0328 0. 26S
.0330 .378
.0329 .479
.0328 .562
.0322 .633
.0319 .686
. 030s .732
.0292 .771
.0274 .807
.0252 .s30
.0224 .840
.0192 .832
.0152 .781
.0115 .650

C8

o. 19s
.296
.396
.495
.596
.697
.801
.912

L 025
L 148
L 281
L 432
L 616
L 832

.395

.470

.541

.610

.665

.715
; ;;;

.821

c? .<
.—

t
0.10
.15
.20

::;
.35
.40

: #
.55

t .60

i ~~

O.0880
.0833
.0788
. 073s
.0680
.0625
.0564
.0500
.0442
.0330
.0314
.0246
.0170
.0100

.—
.

.0675

.0611

.0544

.0479

.0409

.0338

.0265

. ONE!

.0120

.&u

.865

.880

.890

.839

.880

.849

.790

.684

.95
1.00
L 05
L 10
L 15

-_=—.-.0061 .461
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TABLE 11—Contirmed

Geared propeller No. 4102 (15.5° at 0.75 R)

TABLE II-Continued

lXrect-drive propeller No. 4412 (16.5° at 0.76 R)

Diameter, 8 feet 11 inohec

“On open cockpit fuselage
Diameter, 10 feet 5 hmhes

On cabin fuselage

Cpv
a

0.10

:;:
.25
.30

:::
.45

:;:
.60

: %
,75
.80

CT (7s

-

0::::6

.389

.486

.684

.632

.786

: :%
1.112
1.232
1.376
1.531
1.711
1.941

CT

0.0841
.0809
.0770

: %!
.0625
.0570
.0611
.0450
.0390
.0329
.0260

: :;:;
.0027

Cp

o. ;33:

:0332
.0330
,0329
.0326
.0320

: ~7~

: :;;:

:0172

:1%

(?8

0.1974

:%!
.493
.694
.695

: ;:!
1.014
1.130
1.261
L 406
L 580
L 796
2, 10

0.240
:%!
.618
.582

:g

:751
.770
.778
.770
.739

:%’

0.254
.264
.464
.649
.618
.670

: M

: %
i 806
.802
.770
.650
.270

...+
Direct-drivepropellerNo. 4412(23.5°at 0.761?)Geared propeller No. 4102 (23.5° at 0.76 R)

Diameter, 8 feet 11 inchec
Diameter, 10 feet 5 hmhec

On cabii fueelage
Onopen cockpit fucehge

T

0:;5J

.316

.391

.462

.628

.637

;~

.761

.790

.810

.829
s840

: %
,860
.860
.810
.730
.555

CT

o.;$;

:ii%!:””
.0970
.0949
.0921
.0390
.0856
.0819
.0771
.0720
.0666
.0605
.0540

: ::E
. :;;;

:0204
.0138
.0070

T’
D

.—

0.10
:;
.26
.30
.36

:Z
.60
.55
..60
.66
.70
.76

:E

: %
1.00
1.06
1.10
1.16

.1.20

Cs

0: ;;3

. a47
,434
.522

: F7
.786

::;
L 050
1.144
1.289
1.34.2
L 460
1.563
L 691
L 832
L 988
2.17
2.38
2.68

CT

0.0971
.0970

::::
.0953
.0941
.0921
.0898
.0867

. . :aa;

:0738
.0682
.0620
.0559
.0496
.0433
; :;;:

.0243

.0186

.0123

.0063

Cp

0.0650
.0650
. “0649
,0648
.0647

“; :~g

.0638

.0682

.0624

.0616

.0598
; :;;:

.0607

.0469

.0427

:%%
.0270
.0211
.0150

v

0.149
.224
.298
.370
.441
.611

: $#

: ;g

:776
.799
.816
.826
.831

::%
.818
.797
.764

: %

O.1726
.259
.346
.432
.519
.606

:%!
.866

1: ::;
L 138
L 230
L 332
1.432
1.646
L 660
1.785
1.922
2.08
226
z 49
2.78

0.;:
:20

: %
,35
.40
.46
.60
.55

::
.70

:::
.86

:::

:: E
L 10
1.15
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TABLE II-Continued

DirecLdrive propelkr No. 4102 (15.5” at 0.75 R)

Dbuneter, 10 feet 5 inches

On open oockpit fuaeIage

TABLE 11—Contiiued

Direct-drive propeller No. 4412 (15.5a at 0.75 R)

Diaroeter, 8 feet 11 bd.ea

On cabin fwdage
.-

-..——...—
-

+

I i I I

CT

0.0864
.0829
.0789
.0734
; :):

.0591

.0538

.0476

.0419

.0359

.0297

.0228

.0257

.0101

.00400

Cp

O.0352
: :;g

.0360

.0359

.0353

.0349

.0339

.0322

.0302

.0276

.0248

.0212

.0177

.0139

.0100.

0.245
.348
.438
.510
.583
.636
.677
.714
.740

0.1953
.292
.389
.486
.684
.683
.783
.885
.994

L 10S
1.230
L 361
L 513
L 681
L 882
2.14

0.10

.;:
..25
.30
.35
.40
.45
.
.::

:E
.70
.75
.80
.85

0.10

:x

%
.35
.40
.45
.50

::;

. %

.75

.80

0.0345
.0344
.0342
.0340
.0340
.0338
.0330
.0317
.0299
,.0275
.0247
.0216
.0180
.0138
.0091

0.258 0.1960
.370 .294
.470 .393 .
.556 . 4g2
.619 .591
.670 .690
.712 .790
.748 .896
.778 1.008
.799 1. H%
.806 L 257
.791 L 394
.743 1.563

L 765
:$% 2.05

—

.762

.778

.779
,.751
.696
.580
.340

—

—
..-—

—
! .-

Direct-drivepropeller No. 4412 (23.5° at 0.75 R)

Diameter, 8 feet 11 inch=

On cabin fuseIage

—

.——
—

-
.-
.-Ca

a 10 I:;:I
.25.30.35
.40 I
.46
50!

:65 !
.60 :
.65 ;
.70 ~
.75
.80 1
.85 I
.90 I
.95 ;

L@J ~
1.06 ~
1.10 1
1.16 [
L 20 /
L 25 8

0.0960
.0960
.0959
.0952
.0945
.0932
.0916
.0895
.0869
.0333
.0792
.0746
.0691
.0635
.0577
.0519

: E%
.0340
.0281
.0220
.0164
.0106
. 0W5

0.142
.213

a 1715
.267
.343
.428
.515

:%!
.772
.859
. 9*7

L 034
L 125
1.218
L 316
1.418
L 524
L 640
L 760
L 892
204
220
2.39
268
2.94

-
=.-


